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Image display system and method 





(57) A method of displaying an image includes re- 
ceiving image data (16) for the image, buffering the im- 
age data for the image, including creating a frame (28) 
of the image, defining a first sub-frame (301 ) and at least 
a second sub-frame (302) for the frame of the image 
from the image data, the second sub-frame being spa- 
tially offset from the first sub-frame, and alternating be- 
tween displaying the first sub-frame In a first position 
and displaying the second sub-frame in a second posi- 
tion spatially offset from the first position. 
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Description 

The Field of the Invention 

[0001] The present invention relates generally to inn- s 
aging systenns, and more particularly to a systenn and 
method of displaying an image. 

Background of the Invention 

[0002] A conventional system or device for displaying 
an Image, such as a display, projector, or other imaging 
system, produces a displayed image by addressing an 
array of Individual picture elements or pixels arranged 
in horizontal rows and vertical columns. A resolution of 
the displayed image is defined as the number of hori- 
zontal rows and vertical columns of individual pixels 
forming the displayed image. The resolution of the dis- 
played image is affected by a resolution of the display 
device itself as well as a resolution of the image data 
processed by the display device and used to produce 
the displayed image. 

[0003] Typically, to increase a resolution of the dis- 
played image, the resolution of the display device as 
well as the resolution of the image data used to produce 
the displayed image must be increased. Increasing a 
resolution of the display device, however, increases a 
cost and complexity of the display device. In addition, 
higher resolution Image data may not be available and/ 
or may be difficult to generate. 

[0004] Accordingly, it is desired to increase a resolu- 
tion of a displayed image without having to increase a 
resolution of a display device displaying the displayed 
image and/or with or without having to increase a reso- 
lution of image data used to produce the displayed im- 
age. 

Summary of the Invention 

[0005] One aspect of the present invention provides 
a method of displaying an image. The method includes 
receiving image data for the image, buffering the image 
data for the image, including creating a frame of the Im- 
age, defining a first sub-frame and at least a second sub- 
frame for the frame of the image from the image data, 
the second sub-frame being spatially offset from the first 
sub-frame, and altemating between displaying the first 
sub-frame in a first position and displaying the second 
sub-frame in a second position spatially offset from the 
first position. 

Brief Description of the Drawings 

[0006] Figure 1 Is a block diagram illustrating one em- 
bodiment of an image display system. 
[0007] Figures 2A-2C are schematic illustrations of 
one embodiment of processing and displaying a frame 
of an Image according to the present Invention. 



[0008] Figures 3A-3C are schematic illustrations of 
one embodiment of displaying a pixel with an image dis- 
play system according to the present invention. 
[0009] Figure 4 is a simulation of one embodiment of 
an enlarged Image portion produced without processing 
by an image display system according to the present 
invention. 

[0010] Figure 5 is a simulation of one embodiment of 
an enlarged image portion produced with processing by 
an image display system according to the present in- 
vention. 

[0011] Figures 6A-6E are schematic illustrations of 
another embodiment of processing and displaying a 
frame of an image according to the present invention. 
[0012] Figures 7A-7E are schematic illustrations of 
one embodiment of displaying a pixel with an image dis- 
play system according to the present invention. 
[0013] Figures is a simulation of another embodiment 
of an enlarged image portion produced without process- 
ing by an image display system according to the present 
Invention. 

[0014] Figure 9 is a simulation of another embodiment 
of an enlarged image portion produced with processing 
by an image display system according to the present 

invention. 

Description of the Preferred Embodiments 

[001 5] In the following detailed description of the pre- 
ferred embodiments, reference is made to the accom- 
panying drawings which form a part hereof, and in which 
Is shown by way of Illustration specific embodiments In 
which the Invention may be practiced. It is to be under- 
stood that other embodiments may be utilized and struc- 
tural or logical changes may be made without departing 
from the scope of the present Invention. The following 
detailed description, therefore, is not to be taken in a 
limiting sense, and the scope of the present invention is 
defined by the appended claims. 
[0016] Figure 1 illustrates one embodiment of an im- 
age display system 10. Image display system 10 facili- 
tates processing of an Image 12 to create a displayed 
image 14. Image 12 is defined to include any pictorial, 
graphical, and/or textural characters, symbols, illustra- 
tions, and/or other representation of information. Image 
1 2 is represented, for example, by image data 1 6. Image 
data 1 6 includes individual picture elements or pixels of 
Image 12. While one image is illustrated and described 
as being processed by image display system 10, it is 
understood that a plurality or series of Images may be 
processed and displayed by image display system 10. 
[0017] In one embodiment, image display system 10 
includes a frame rate conversion unit 20 and an image 
frame buffer 22, an image processing unit 24, and a dis- 
play device 26. As described below, frame rate conver- 
sion unit 20 and image frame buffer 22 receive and buff- 
er Image data 1 6 for image 12 to create an Image frame 
28 for image 12. In addition, image processing unit 24 
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processes image frame 28 to define one or more image 
sub-frames 30 for image frame 28, and display device 
26 temporally and spatially displays image sub-frames 
30 to produce displayed image 14. 

[001 8] Image display system 1 0, including frame rate 5 
conversion unit 20 and/or image processing unit 24, in- 
cludes hardware, software, firmware, or a combination 
of tliese. In one embodiment, one or more components 
of image display system 10, including frame rate con- 
version unit 20 and/or Image processing unit 24, are in- 
cluded in a computer, computer server, or other micro- 
processor-based system capable of performing a se- 
quence of logic operations. In addition, processing can 
be distributed throughout the system with individual por- 
tions being implemented in separate system compo- 
nents. 

[0019] Image data 16 may include digital image data 
1 61 or analog image data 1 62. To process analog image 
data 162, image display system 10 includes an analog- 
to-digital (A/D) converter 32. As such, A/D converter 32 
converts analog image data 162 to digital fomi for sub- 
sequent processing. Thus, image display system 10 
may receive and process digital image data 1 61 and/or 
analog image data 162 for image 12. 
[0020] Frame rate conversion unit 20 receives image 
data 16 for image 12 and buffers or stores image data 
16 in image frame buffer 22. More specifically, frame 
rate conversion unit 20 receives image data 16 repre- 
senting individual lines or fields of image 1 2 and buffers 
image data 1 6 in image frame buffer 22 to create image 
frame 28 for image 12. Image frame buffer 22 buffers 
image data 1 6 by receiving and storing alt of the image 
data for image frame 28 and frame rate conversion unit 
20 creates image frame 28 by subsequently retrieving 
or extracting all of the image data for image frame 28 
from image frame buffer 22. As such, image frame 28 
is defined to include a plurality of individual lines or fields 
of image data 16 representing an entirety of Image 12. 
Thus, Image frame 28 includes a plurality of columns 
and a plurality of rows of individual pixels representing 
image 12. 

[0021] Frame rate conversion unit 20 and image 
frame buffer 22 can receive and process image data 1 6 
as progressive image data and/or interlaced image da- 
ta. With progressive image data, frame rate conversion 
unit 20 and image frame buffer 22 receive and store se- 
quential fields of image data 16 for image 12. Thus, 
frame rate conversion unit 20 creates image frame 28 
by retrieving the sequential fields of image data 16 for 
image 12. With interlaced image data, frame rate con- 
version unit 20 and image frame buffer 22 receive and 
store odd fields and even fields of image data 1 6 for im- 
age 12. For example, all of the odd fields of image data 
16 are received and stored and all of the even fields of 
image data 16 are received and stored. As such, frame 
rate conversion unit 20 de-interiaces image data 1 6 and 
creates image frame 28 by retrieving the odd and even 
fields of image data 16 for image 12. 



[0022] Image frame buffer 22 includes memory for 
storing image data 16 for one or more image frames 28 
of respective images 12. Thus, image frame buffer 22 
constitutes a database of one or more image frames 28. 
Examples of image frame buffer 22 include non-volatile 
memory (e.g., a hard disk drive or other persistent stor- 
age device) and may include volatile memory (e.g., ran- 
dom access memory (RAM)). 

[0023] By receiving Image data 1 6 at frame rate con- 
version unit 20 and buffering image data 16 with image 
frame buffer 22, input timing of image data 16 can be 
decoupled from a timing requirement of display device 

26. More specifically, since image data 16 for image 
frame 28 is received and stored by image frame buffer 
22, image data 1 6 can be received as input at any rate. 
As such, the frame rate of image frame 28 can be con- 
verted to the timing requirement of display device 26. 
Thus, image data 1 6 for image frame 28 can be extract- 
ed from image frame buffer 22 at a frame rate of display 
device 26. 

[0024] in one embodiment, image processing unit 24 
includes a resolution adjustment unit 34 and a sub- 
frame generation unit 36. As described below, resolution 
adjustment unit 34 receives image data 16 for image 
frame 28 and adjusts a resolution of image data 16 for 
display on display device 26, and sub-frame generation 
unit 36 generates a plurality of image sub-frames 30 for 
image frame 28. More specifically, image processing 
unit 24 receives image data 1 6 for image frame 28 at an 
original resolution and processes image data 16 to 
match the resolution of display device 26. For example, 
image processing unit 24 increases, decreases, and/or 
leaves unaltered the resolution of image data 1 6 so as 
to match the resolution of display device 26. Thus, by 
matching the resolution of image data 1 6 to the resolu- 
tion of display device 26, display device 26 can display 
image data 16. Accordingly, with image processing unit 
24, image display system 1 0 can receive and display 
image data 1 6 of varying resolutions. 
[0025] In one embodiment, image processing unit 24 
increases a resolution of image data 16. For example, 
image data 1 6 may be of a resolution less than that of 
display device 26. More specifically, image data 1 6 may 
include lower resolution data, such as 400 pixels by 300 
pixels, and display device 26 may support higher reso- 
lution data, such as 800 pixels by 600 pixels. As such, 
image processing unit 24 processes image data 1 6 to 
increase the resolution of image data 16 to the resolu- 
tion of display device 26. Image processing unit 24 may 
increase the resolution of image data 1 6 by, for example, 
pixel replication, interpolation, and/or any other resolu- 
tion synthesis or generation technique. 
[0026] In one embodiment, image processing unit 24 
decreases a resolution of image data 16. For example, 
image data 1 6 may be of a resolution greater than that 
of display device 26. More specifically, image data 16 
may Include higher resolution data, such as 1600 pixels 
by 1 200 pixels, and display device 26 may support lower 
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resolution data, such as 800 pixels by 600 pixels. As 
such, image processing unit 24 processes image data 
16 to decrease the resolution of Image data 16 to the 
resolution of display device 26. image processing unit 
24 may decrease the resolution of image data 1 6 by, for 
example, sub-sampling, interpolation, and/or any other 
resolution reduction technique. 

[0027] Sub-frame generation unit 36 receives and 
processes image data 1 6 for image frame 28 to define 
a plurality of image sub-frames 30 for image frame 28. 
If resolution adjustment unit 34 has adjusted the reso- 
lution of image data 1 6, sub-frame generation unit 36 
receives image data 16 at the adjusted resolution. The 
adjusted resolution of image data 1 6 may be increased, 
decreased, or the same as the original resolution of im- 
age data 16 for image frame 28. Sub-frame generation 
unit 36 generates image sub-frames 30 with a resolution 
which matches the resolution of display device 26. Im- 
age sub-frames 30 are each of an area equal to image 
frame 28 and each include a plurality of columns and a 
plurality of rows of Individual pixels representing a sub- 
set of image data 16 of image 12 and have a resolution 
which matches the resolution of display device 26. 
[0028] Each image sub-frame 30 includes a matrix or 
array of pixels for image frame 28. Image sub-frames 
30 are spatially offset from each other such that each 
image sub-frame 30 includes different pixels and/or por- 
tions of pixels. As such, image sub-frames 30 are offset 
from each other by a vertical distance and/or a horizon- 
tat distance, as described below. 
[0029] Display device 26 receives image sub-frames 
30 from image processing unit 24 and sequentially dis- 
plays Image sub-frames 30 to create displayed image 
14. More specifically, as image sub-frames 30 are spa- 
tially offset from each other, display device 26 displays 
image sub-frames 30 In different positions according to 
the spatial offset of image sub-frames 30, as described 
below. As such, display device 26 alternates between 
displaying image sub-frames 30 for image frame 28 to 
create displayed Image 14. Accordingly, display device 
26 displays an entire sub-frame 30 for image frame 28 
at one time. 

[0030] In one embodiment, display device 26 com- 
pletes one cycle of displaying Image sub-frames 30 for 
image frame 28. Thus, display device 26 displays image 
sub-frames 30 so as to be spatially and temporally offset 
from each other. In one embodiment, display device 26 
optically steers image sub-frames 30 to create dis- 
played Image 14. As such, individual pixels of display 
device 26 are addressed to multiple locations. 
[0031] In one embodiment, display device 26 includes 
an image shifter 38. Image shifter 38 spatially alters or 
offsets the position of image sub-frames 30 as displayed 
by display device 26. hAore specifically, image shifter 38 
varies the position of display of image sub-frames 30, 
as described below, to produce displayed image 14. 
[0032] In one embodiment, display device 26 includes 
a light modulator for modulation of incident light. The 



light modulator includes, for example, a plurality of mi- 
cro-mirror devices arranged to form an array of micro- 
mtn'or devices. As such, each micro-mirror device con- 
stitutes one cell or pixel of display device 26. Display 
5 device 26 may form part of a display, projector, or other 
imaging system. 

[0033] In one embodiment, image display system 10 
includes a timing generator 40. Timing generator 40 
communicates, for example, with frame rate conversion 

10 unit 20, image processing unit 24, including resolution 
adjustment unit 34 and sub-frame generation unit 36, 
and display device 26, including image shifter 38. As 
such, timing generator 40 synchronizes buffering and 
conversion of image data 1 6 to create image frame 28, 

IS processing of Image frame 28 to adjust the resolution of 
image data 1 6 to the resolution of display device 26 and 
generate image sub-frames 30, and display and posi- 
tioning of image sub-frames 30 to produce displayed im- 
age 14. Accordingly, timing generator 40 controls timing 

20 of image display system 1 0 such that entire sub-frames 
of Image 12 are temporally and spatially displayed by 
display device 26 as displayed image 14. 
[0034] In one embodiment, as illustrated in Figures 2A 
and 2B, image processing unit 24 defines a plurality of 

25 image sub-frames 30 for image frame 28. More specif- 
ically, image processing unit 24 defines a first sub-frame 
301 and a second sub-frame 302 for image frame 28. 
As such, first sub-frame 301 and second sub-frame 302 
each include a plurality of columns and a plurality of 

30 rows of individual pixels 1 8 of image data 1 6. Thus, first 
sub-frame 301 and second sub-frame 302 each consti- 
tute an image data array or pixel matrix of a subset of 
image data 1 6. 

[0035] In one embodiment, as illustrated in Figure 2B, 
35 second sub-frame 302 is offset from first sub-frame 301 
by a vertical distance 50 and a horizontal distance 52. 
As such, second sub-frame 302 is spatially offset from 
first sub-frame 301 by a predetermined distance. In one 
illustrative embodiment, vertical distance 50 and horl- 
^0 zontat distance 52 are each approximately one-half of 
one pixel. 

[0036] As illustrated in Figure 2C, display device 26 
alternates between displaying first sub-frame 301 in a 
first position and displaying second sub-frame 302 in a 

^5 second position spatially offset from the first position. 
More specifically, display device 26 shifts display of sec- 
ond sub-frame 302 relative to display of first sub-frame 
301 by vertical distance 50 and horizontal distance 52. 
As such, pixels of first sub-frame 301 overlap pixels of 

50 second sub-frame 302. In one embodiment, display de- 
vice 26 completes one cycle of displaying first sub-frame 

301 in the first position and displaying second sub-frame 

302 in the second position for image frame 28. Thus, 
second sub-frame 302 is spatially and temporally dis- 
ss played relative to first sub-frame 301 . 

[0037] Figures 3A-3C illustrate one embodiment of 
completing one cycle of displaying a pixel 181 from first 
sub-frame 301 in the first position and displaying a pixel 
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182 from second sub-frame 302 in the second position. 
More specifically. Figure 3A Illustrates display of pixel 
181 from first sub-frame 301 in the first position, Figure 
3B illustrates display of pixel 182 from second sub- 
frame 302 in the second position (with the first position s 
being illustrated by dashed lines), and Figure 3C illus- 
trates display of pixel 1 81 from first sub-frame 301 in the 
first position (with the second position being illustrated 
by dashed lines). 

[0038] Figures 4 and 5 illustrate enlarged image por- 
tions produced from the same Image data without and 
with, respectively, image processing by Image display 
system 10. More specifically, Figure 4 Illustrates an en- 
larged image portion 60 produced without processing 
by image display system 10. As Illustrated in Figure 4, 
enlarged image portion 60 appears pixelated with indi- 
vidual pixels being readily visible. In addition, enlarged 
image portion 60 is of a lower resolution. 
[0039] Figure 5, however, illustrates an enlarged im- 
age portion 62 produced with processing by image dis- 
play system 10. As Illustrated in Figure 5, enlarged Im- 
age portion 62 does not appear as pixelated as enlarged 
image portion 60 of Figure 4. Thus, image quality of en- 
larged image portion 62 is enhanced with image display 
system 10. More specifically, resolution of enlarged im- 
age portion 62 is improved or increased compared to 
enlarged image portion 60. 

[0040] In one illustrative embodiment, enlarged im- 
age portion 62 is produced by two-position processing 
including a first sub-frame and a second sub-frame, as 
described above. Thus, twice the amount of pixel data 
Is used to create enlarged Image portion 62 as com- 
pared to the amount of pixel data used to create en- 
larged image portion 60. Accordingly, with two-position 
processing, the resolution of enlarged image portion 62 
is Increased relative to the resolution of enlarged image 
portion 60 by a factor of approximately 1 .4 or the square 
root of two. 

[0041] In another embodiment, as illustrated in Fig- 
ures 6A-6D, Image processing unit 24 defines a plurality 
of Image sub-frames 30 for Image frame 28. More spe- 
cifically, image processing unit 24 defines a first sub- 
frame 301 , a second sub-frame 302, a third sub-frame 
303, and a fourth sub-frame 304 for image frame 28. As 
such, first sub-frame 301 , second sub-frame 302, third 
sub-frame 303, and fourth sub-frame 304 each include 
a plurality of columns and a plurality of rows of individual 
pixels 1 8 of Image data 1 6. 

[0042] In one embodiment, as illustrated in Figure 6B- 
6D, second sub-frame 302 is offset from first sub-frame 
301 by a vertical distance 50 and a horizontal distance 
52, third sub-frame 303 is offset from first sub-frame 301 
by a horizontal distance 54, and fourth sub-frame 304 
is offset from first sub-frame 301 by a vertical distance 
56. As such, second sub-frame 302, third sub-frame 
303, and fourth sub-frame 304 are each spatially offset 
from each other and spatially offset from first sub-frame 
301 by a predetennined distance. In one illustrative em- 



bodiment, vertical distance 50, horizontal distance 52, 
horizontal distance 54, and vertical distance 56 are each 
approximately one-half of one pixel. 
[0043] As illustrated schematically in Figure 6E, dis- 
play device 26 alternates between displaying first sub- 
frame 301 in a first position P.,, displaying second sub- 
frame 302 in a second position Pg spatially offset from 
the first position , displaying th ird sub-frame 303 in a third 
position P3 spatially offset from the first position, and dis- 
playing fourth sub-frame 304 in a fourth position P4 spa- 
tially offset from the first position. More specifically, dis- 
play device 26 shifts display of second sub-frame 302, 
third sub-frame 303, and fourth sub-frame 304 relative 
to first sub-frame 301 by the respective predetermined 
distance. As such, pixels of first sub-frame 301 , second 
sub-frame 302, third sub-frame 303, and fourth sub- 
frame 304 overlap each other. 

[0044] In one embodiment, display device 26 com- 
pletes one cycle of displaying first sub-frame 301 In the 
first position, displaying second sub-frame 302 in the 
second position, displaying third sub-frame 303 in the 
third position, and displaying fourth sub-frame 304 in the 
fourth position for image frame 28. Thus, second sub- 
frame 302, third sub-frame 303, and fourth sub-frame 
304 are spatially and temporally displayed relative to 
each other and relative to first sub-frame 301 . 
[0045] Figures 7A-7E illustrate one embodiment of 
completing one cycle of displaying a pixel 181 from first 
sub-frame 301 in the first position, displaying a pixel 182 
from second sub-frame 302 in the second position, dis- 
playing a pixel 183 from third sub-frame 303 in the third 
position, and displaying a pixel 184 from fourth sub- 
frame 304 in the fourth position. More specifically, Fig- 
ure 7A Illustrates display of pixel 181 from first sub- 
frame 301 in the first position, Figure 7B illustrates dis- 
play of pixel 1 82 from second sub-frame 302 in the sec- 
ond position (with the first position being illustrated by 
dashed lines). Figure 7C illustrates display of pixel 183 
from third sub-frame 303 in the third position (with the 
first position and the second position being illustrated 
by dashed lines), Figure 7D illustrates display of pixel 
184 from fourth sub-frame 304 In the fourth position 
(with the first position, the second position, and the third 
position being illustrated by dashed lines), and Figure 
7E illustrates display of pixel 181 from first sub-frame 
301 in the first position (with the second position, the 
third position, and the fourth position being illustrated by 
dashed lines). 

[0046] Figures 8 and 9 illustrate enlarged image por- 
tions produced from the same image data without and 
with, respectively, image processing by image display 
system 10. More specifically, Figure 8 illustrates an en- 
larged image portion 64 produced without processing 
by image display system 1 0. As illustrated in Figure 8, 
areas of enlarged image portion 64 appear pixelated 
with individual pixels including, for example, pixels form- 
ing and/or outlining letters of enlarged Image portion 64 
being readily visible. 
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[0047] Figure 9, however, Illustrates an enlarged im- 
age portion 66 produced with processing by image dis- 
play system 10. As illustrated in Figure 9, enlarged Im- 
age portion 66 does not appear pixelated compared to 
enlarged image portion 64 of Figure 8. Thus, image 
quality of enlarged image portion 66 is enhanced with 
Image display system 10. More specifically, resolution 
of enlarged Image portion 66 is improved or increased 
compared to enlarged image portion 64. 
[0048] in one Illustrative embodiment, enlarged image 
portion 66 is produced by four-position processing in- 
cluding a first sub-frame, a second sub-frame, a third 
sub-frame, and a fourth sub-frame, as described above. 
Thus, four times the amount of pixel data is used to cre- 
ate enlarged image portion 66 as compared to the 
amount of pixel data used to create enlarged Image por- 
tion 64. Accordingly, with four-position processing, the 
resolution of enlarged Image portion 64 Is Increased rel- 
ative to the resolution of enlarged image portion 64 by 
a factor of two or the square root of four. Four-position 
processing, therefore, allows Image data 16 to be dis- 
played at double the resolution of display device 26 
since double the number of pixels in each axis (x and y) 
gives four times as many pixels. 
[0049] By defining a plurality of image sub-frames 30 
for image frame 28 and spatially and temporally display- 
ing image sub-frames 30 relative to each other, image 
display system 1 0 can produce displayed image 1 4 with 
a resolution greater than that of display device 26. In 
one illustrative embodiment, for example, with Image 
data 16 having a resolution of 800 pixels by 600 pixels 
and display device 26 having a resolution of 800 pixels 
by 600 pixels, four-position processing by Image display 
system 1 0 with resolution adjustment of image data 1 6 
produces displayed Image 14 with a resolution of 1 600 
pixels by 1200 pixels. Accordingly, with lower resolution 
image data and a lower resolution display device, image 
display system 10 can produce a higher resolution dis- 
played image. In another illustrative embodiment, for ex- 
ample, with image data 16 having a resolution of 1 600 
pixels by 1200 pixels and display device 26 having a 
resolution of 800 pixels by 600 pixels, four-position 
processing by image display system 10 without resolu- 
tion adjustment of image data 1 6 produces displayed 
image 1 4 with a resolution of 1 600 pixels by 1 200 plxels. 
Aocordlngly, with higher resolution image data and a 
lower resolution display device, image display system 
10 can produce a higher resolution displayed Image. In 
addition, by overlapping pixels of image sub-frames 30 
while spatially and temporally displaying image sub- 
frames 30 relative to each other, image display system 
10 can reduce the "screen-door" effect caused, for ex- 
ample, by gaps between adjacent micro-mirror devices 
of a light modulator. 

[0050] By buffering image data 16 to create image 
frame 28 and decouple a timing of image data 1 6 from 
a frame rate of display device 26 and displaying an en- 
tire sub-frame 30 for image frame 28 at once. Image dis- 



play system 10 can produce displayed image 14 with 
improved resolution over the entire image. In addition, 
with image data of a resolution equal to or greater than 
a resolution of display device 26, image display system 

5 10 can produce displayed Image 14 with an increased 
resolution greater than that of display device 26. To pro- 
duce displayed image 14 with a resolution greater than 
that of display device 26, higher resolution data can be 
supplied to image display system 1 0 as original image 

10 data or synthesized by image display system 1 0 from 
the original image data. Alternatively, lower resolution 
data can be supplied to image display system 1 0 and 
used to produce displayed Image 14 with a resolution 
greater than that of display device 26. Use of lower res- 

is olution data allows for sending of Images at a lower data 
rate while still allowing for higher resolution display of 
the data. Thus, use of a lower data rate may enable low- 
er speed data interfaces and result in potentially less 
EMI radiation. 

20 [0051] Although specifrc embodiments have been Il- 
lustrated and described herein for purposes of descrip- 
tion of the preferred embodiment, it will be appreciated 
by those of ordinary skill in the art that a wide variety of 
alternate and/or equivalent Implementations calculated 

25 to achieve the same purposes may be substituted for 
the specific embodiments shown and described without 
departing from the scope of the present invention. 
Those with skill in the chemical, mechanical, electro- 
mechanical, electrical, and computer arts will readily ap- 

30 preciate that the present invention may be implemented 
in a very wide variety of embodiments. This application 
is intended to cover any adaptations or variations of the 
preferred embodiments discussed herein. Therefore, it 
is manifestly intended that this invention be limited only 

35 by the claims and the equivalents thereof. 



Claims 

40 1 . A method of displaying an image, the method com- 
prising: 



receiving image data (1 6) for the Image; 
buffering the image data for the image, includ- 

'^5 ing creating a frame (28)of the Image; 

defining a first sub-frame (301 ) and at least a 
second sub-frame (302) for the frame of the im- 
age from the image data, the second sub-frame 
being spatially offset from the first sub-frame; 

so and 

alternating between displaying the first sub- 
frame In a first position and displaying the sec- 
ond sub-frame In a second position spatially off- 
set from the first position. 

55 

2. The method of claim 1 , wherein the image data in- 
cludes individual pixels (18) of the Image, wherein 
the frame of the image includes a plurality of col- 
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umns and a plurality of rows of the individual pixels 
of the Image, and wherein defining the first sub- 
frame and the second sub-frame Includes defining 
a first pixel matrix and at least a second pixel matrix 
for the frame of the image from the image data. 

3. The method of claim 2, wherein atternating between 
displaying the first sub-frame and displaying the 
second sub-frame includes overlapping pixels of 
the first pixel matrix with pixels of the second pixel 
matrix. 

4. The method of claim 1 , wherein defining the first 
sub-frame and the second sub-frame Includes ad- 
justing a resolution of the Image data. 

5. The method of claim 1 , wherein the second sub- 
frame is offset at least one of a vertical distance (50) 
and a horizontal distance (52) from the first sub- 
frame, and wherein alternating between displaying 
the first sub-frame and displaying the second sub- 
frame Includes shifting display of the second sub- 
frame the at least one of the vertical distance and 
the horizontal distance from the first sub-frame. 

6. The method of claim 1 , wherein defining the second 
sub-frame further includes defining a third sub- 
frame (303) and a fourth sub-frame (304) for the 
frame of the Image from the image data, the fourth 
sub-frame being spatially offset from the third sub- 
frame and the third sub-frame and the fourth sub- 
frame both being spatially offset from the first sub- 
frame and the second sub-frame, and 

wherein alternating between displaying the 
first sub-frame and displaying the second sub- 
frame further includes atternating between display- 
ing the first sub-frame in the first position, displaying 
the second sub-frame in the second position, dis- 
playing the third sub-frame In a third position spa- 
tially offset from the first position and the second 
position, and displaying the fourth sub-frame In a 
fourth position spatially offset from the first position, 
the second position, and the third position. 

7. A method of displaying an image with a display de- 
vice (26), the method comprising: 

receiving image data (1 6) for the image, the im- 
age data including Individual pixels (18) of the 

image; 

buffering the image data and creating a frame 
(28) of the image, the frame of the image in- 
cluding a plurality of columns and a plurality of 
rows of the pixels of the image; 
separating the frame of the image into a first 
pixel matrix (301 ) and at least one second pixel 
matrix (302) spatially offset from the first pixel 
matrix; and 



displaying the first pixel matrix and the second 
pixel matrix with the display device. Including 
spatially and temporally displaying the second 
pixel matrix relative to the first pixel matrix. 

5 

8. The method of claim 7, wherein spatially and tem- 
porally displaying the second pixel matrix relative to 
the first pixel matrix includes overiapping pixels of 
the first pixel matrix with pixels of the second pixel 

10 matrix. 

9. The method of claim 7, further comprising: 

matching a resolution of the image data to a 
IS resolution of the display device. 

10. The method of claim 7, wherein separating the 
frame of the image into the first pixel matrix and the 
second pixel matrix further includes separating the 

20 frame of the image Into a third pixel matrix (303) and 
a fourth pixel matrix (304) spatially offset from the 
third pixel matrix, the third pixel matrix and the fourth 
pixel matrix both being spatially offset from the first 
pixel matrix andthe second pixel matrix, andwhere- 

25 in displaying the first pixel matrix and the second 
pixel matrix further includes displaying the first pixel 
matrix, the second pixel matrix, the third pixel ma- 
trix, and the fourth pixel matrix with the display de- 
vice. Including spatially and temporally displaying 

30 the first pixel matrix, the second pixel matrix, the 
third pixel matrix, and the fourth pixel matrix relative 
to each other. 

11 . A system for displaying an image, the system com- 
35 prising: 

a buffer (22) adapted to receive image data (1 6) 
for the image and buffer the image data to cre- 
ate a frame (28) of the Image; 

40 an image processing unit (24) adapted to define 

a first sub-frame (301) and at least a second 
sub-frame (302) forthe frame of the Image from 
the image data, the second sub-frame being 
spatially offset from the first sub-frame; and 

"^5 a display device (26) adapted to alternately dis- 

play the first sub-frame in a first position and 
the second sub-frame in a second position spa- 
tially offset from the first position. 

so 12. The system of claim 11 , further comprising: 

a frame rate conversion unit (20) adapted to re- 
ceive the image data for the image, store the 
image data in the buffer, and retrieve the image 
55 data from the buffer to create the image frame 

for the Image, 

wherein the frame rate conversion unit Is 
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adapted to receive the image data for the image at 
a first rate and retrieve the image data from the buff- 
er at a second rate. 

13. The system of claim 11 , wherein the image process- 
ing unit is adapted to match a resolution of the im- 
age data to a resolution of the display device. 

14. The system of claim 11 , wherein the image data in- 
cludes individual pixels (18) of the image, wherein 
the frame of the image includes a plurality of col- 
umns and a plurality of rows of the individual pixels 

of the image, wherein the image processing unit is 
adapted to define a first pixel matrix (301) and at 
least a second pixel matrix (302) of the Image from 
the image data, and wherein the display device is 
adapted to overlap pixels of the first pixel matrix with 
pixels of the second pixel matrix. 

15. The system of claim 11, wherein the second sub- 
frame is spatially offset at least one of a vertical dis- 
tance (50) and a horizontal distance (52) from the 
first sub-frame, and wherein the display device is 
adapted to shift display of the second sub-frame 
from display of the first sub-frame by the at least 
one of the vertical distance and the horizontal dis- 
tance. 



19. The system of claim 18, further comprising: 

means for synchronizing timing of creating the 
frame of the image, sequentially displaying the 
5 first sub-frame and the second sub-frame for 

the frame of the image, and shifting between 
the first position and the second position. 

20. The system of claim 16, wherein the image data in- 
fo eludes individual pixels (18) of the image, and 

wherein means for sequentially displaying the first 
sub-frame and the second sub-frame includes 
means for overiapping pixels of the first sub-frame 
with pixels of the second sub-frame. 



16. A system for displaying an image, the system com- 
prising: 30 

means for receiving image data (1 6) for the im- 
age at a first rate and creating a frame (28) of 
the image at a second rate; 

means for defining a first sub-frame (301) and 35 
at least a second sub-frame (302) for the frame 
of the image from the image data, the second 
sub-frame being spatially offset from the first 
sub-frame; and 

means for sequentially displaying the first sub- 40 
frame in a first position and the second sub- 
frame in a second position spatially offset from 

the first position. 

17. Thesystemof claim 16, wherein means for sequen- 45 
tially displaying the first sub-frame and the second 
sub-frame includes means for displaying the first 
sub-frame and the second sub-frame with a prede- 
termined resolution, and further comprising: 

so 

means for adjusting a resolution of the image 
data for the image to the predetermined reso- 
lution. 



18. Thesystemof claim 17, wherein means for sequen- ss 
tially displaying the first sub-frame and the second 
sub-frame Includes means for shifting between the 
first position and the second position. 
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